, some spices 22 and grains. There are four groups of polyphenols which include:
flavonoids such as quercetin; phenolic acids; stilbenes such as resveratrol found in grapes; and lignans, several of which are phytoestrogens. 19 Polyphenols have been shown to have an antioxidant effect in tissues, and there appears to be an inverse relationship, found by epidemiological studies.
between the consumption of a polyphenol-rich diet and the occurrence of chronic disease such as cardiovascular disease in humans. 23 McKeown et al. 20 determined that polyphenol-rich foods can effect a significant improvement in endothelium-dependent vasodilation following an 8-week intervention in hypertensive participants.
There is little discussion in the literature directly investigating the effect of polyphenols in modulating pain in humans. A small study (14 subjects) investigating the effect of a polyphenol-rich blend of fruit juices and pulp on pain and range of motion with results indicating improvement in pain and ROM correlated best with an improvement seen in serum antioxidant status. 24 Yin et al. 25 suggest that resveratrol facilitates pain attenuation in a rat model of neuropathic pain, and in an unrelated study, resveratrol was able to reduce levels of proinflammatory cytokines in vitro and showed pain-reduction potential in a rat model of radiculopathy. 26 The authors concluded that the reduction of pain in vivo may have been due to resveratrol's effect on proinflammatory cytokines. 26 Additionally, various researchers have recognized the anti-inflammatory and antinociceptive potential of mangiferin and suggest that it could be used to treat neuropathic pain. intermediates, and inhibit other oxidation reactions by being oxidized themselves. 21 A bovine study shows curcumin to have antioxidant activity similar to vitamin C, and considerably higher antioxidant activity than vitamin E. 52, 53 Pain is defined as an unpleasant sensory and emotional experience associated with actual or potential tissue damage, or described in terms of such damage by the International Association for the Study of Pain (IASP) Task Force on Taxonomy 1994. 55, 56 The human experience of pain is multidimensional and comprises sensory, affective, and cognitive dimensions. 57 Pain is always subjective and as such is difficult to quantify.
Actual tissue damage results in a myriad of physical and chemical effects in the body. Amongst these effects, tissue injury causes nerve terminals called nociceptors to depolarize, resulting in sensory impulses reaching the spinal cord. At the site of tissue injury various neuropeptides are released which sensitize the nociceptor and increase its rate of firing. 58 Inflammatory mediators such as bradykinin, prostaglandins and pro-inflammatory cytokines released in the area additionally augment the transmission of nociceptive impulses along sensory afferent fibers. 59 Recent studies demonstrate that curcumin can act locally at the site of a noxious stimulus to reduce nociception.
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Nociceptive information impulses travel along the sensory afferent fibers from the periphery to the dorsal horn of the spinal cord where they synapse on secondary neurons and interneurons. From the spinal level, impulses are propagated upwards to supra-spinal centers through several potential pathways and relays. 58, 62, 63 The IASP Taskforce on Taxonomy 1994-2011 specifies that pain is not nociception as nociception is the process of encoding noxious stimuli in the nervous system. Pain can exist with or without nociceptive input and nociception can exist without pain. 58, 64 Knowing that pain is a complex sensory experience accompanied by affective, emotive and cognitive aspects is of fundamental importance in the understanding of pain perception. 63 Pain is usually produced by the stimulation of specific nociceptors but may also result from injury to sensory fibers, or from damage to the Central Nervous System (CNS) itself. 62 Pain can also be experienced in the absence of tissue damage. 64 At the local tissue damage area, various naturally-occurring polyphenols, including curcumin, 19, 65 resveratrol, 19 and mangiferin 66 have been shown to modulate the production of inflammatory cytokines. Evidence in tumour studies demonstrates that the anti-inflammatory effect of curcumin is likely to occur through markedly inhibiting the mRNA and protein expression of cyclooxygenase-2 (COX-2), 67 and by inhibiting lipogenase (LOX) and inducible nitric oxide synthase (iNOS). 53, 68 Additionally, murine studies have demonstrated a reduction of inflammatory cytokine expression in adipose tissue with the administration of nutritional doses of Curcumin and piperine. 44 Chronic pain differs in definition from acute pain, with chronic pain being defined as pain that has lasted longer than three months. Some chronic pain states may involve significantly less local inflammatory markers than acute pain states. 69, 70 but could still be assisted by the ingestion of curcumin. 69 Musculoskeletal pain is a clinical description of pain arising from musculoskeletal sources.
Musculoskeletal sources are bone, joint and muscular tissues. 71 Examples of pain from these tissues would include joint pain from trauma such as sprains and strains and joint degeneration, as well as pain from inflammatory conditions such as rheumatoid arthritis (RA). to range between about 14% and 47% of the general population, 72 with most people experiencing musculoskeletal pain reporting pain from a number of sites. 73, 74 The focus of this review is to investigate the outcomes of studies examining the effect of turmeric, turmeric extract, or curcuminoids on musculoskeletal pain either by themselves or in conjunction with other substances. Recent studies have shown that use of curcuminoids to treat pain associated with knee osteoarthritis shows greater reductions of pain as compared with a placebo 75, 76 and compares in efficacy with the use of ibuprofen. 77, 78 Another study shows significant efficacy with the use of turmeric extract in combination with other nutraceuticals (devil's claw and bromelain) to treat acute and chronic osteoarthritis pain. 79 A recent pilot study demonstrated that a proprietary lecithin formulation of curcumin had a comparative effect of a standard dose of acetaminophen in the treatment of acute pain. 47 A small placebo-controlled pilot study (20 subjects) showed significant reduction of delayed onset muscle soreness and reduced MRI damage findings in subjects who used a proprietary lecithin formulation of curcumin.
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The turmeric root being relatively easy to grow in temperate and tropical areas and tolerating a variety of soil types, 18 could potentially represent a low-cost, accessible material for use by people with limited access to pharmaceuticals. Additionally, as turmeric ingestion is tolerated in high doses,
Data collection
Data will be extracted from papers included in the review using the standardized data extraction tool from JBI-MAStARI (Appendix II). The data extracted will include specific details about the interventions, populations, study methods and outcomes of significance to the review question and specific objectives. All results will be subject to double data entry.
Data synthesis
Quantitative data will, where possible, be pooled in statistical meta-analysis using JBI-MAStARI.
Effect sizes expressed as odds ratio (for categorical data) and weighted mean differences (for continuous data) and their 95% confidence intervals will be calculated for analysis. Heterogeneity will be assessed statistically using the standard Chi square. Where statistical pooling is not possible the findings will be presented in narrative form including tables and figures to aid in data presentation where appropriate. Subgroup analysis will be performed where appropriate. Potential subgroup analyses that may need to be undertaken include: adults versus, children different dosages, and/or presentations of curcumin with or without adjuvant, experimentally-induced pain states versus clinical subjects experiencing pain, acute sciatic pain with inflammatory and neuropathic pain, wound pain and muscle pain, and specific ethnic subgroupings.
Conflicts of interest
The authors have no conflicts of interest to declare.
